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SUMMARY 


A .system  Tor  mas.s- f ' low  rneasuremen  I in  supe  I'soi  i i c lioundary  layers 
has  been  examined.  I'he  mass  flow  i ,s  e\rilnated  I’rom  measurements 
of  pi'e.s.sure  deri\atives  in  a c'losed  volume  under  eontrolled 
temperatcare  eonditions. 

The  ad\anta;^es  witli  respec  t to  pre\ious  systc'rns  are,  mainly,  that 
fewer  pa  rtuiic^  t c?  rs  arc^  invoKed  in  tlu^  data  reduet  ion  atid  tliat  the 
pre.ssurc'  le\'el  in  tlu'  sy.stem  can  l)c'  made'  ;irl)  i t rari  ly  low,  iliorehy 
rc'dueiipv  the'  risk  o(  detaelmic'iit  of  llif>  slioc'k  at  the'  prcjlae  entranee. 
It  is  tlieret'ore'  possilile>  to  make'  measttre-me'ii  t s c'lost'r  to  the  W'al  1 
than  has  l>een  possihU'  t'arlier. 

'leasui'f'men  t s of  honndary- la\  c'r  properties  havet  hee^n  iitade  with  the 
protic'  si<lc'  hv  side'  with  the'  AVA  e-omhined  pressure- 1 c'mpc'ra  t u re 
[irohe  in  the  l'f\  l(\l)  jt>0  wind  I untie' I . 

rite  mets.s  flows  me'asnre'd  with  the'  new  sy.stem  we're  eompare'ii  w i t It 
the'  mass  flcaws  e-a  I en  I ;i  t e'd  from  measure'me'n  t s of  s t ;i('.iiat  i on  t('m\ie'r- 
ature'  an<l  sla^pial  ion  pre'ssure  with  (he'  \VA  prohc'.  the'  re'snils 
a;o'ee'  within  the'  e'xpc'cled  limit  of  aeenr;ie\  . 
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EINE  MASSENSTROM-SONDE  FOR  MESSUNGEN 
IN  OBERSCHALL-GRENZSCHICHTEN  HOHER  ENTHALPIE 


von 

(.jumur  Hovstaiiius 


ZUSAMMEM-ASSUNG 

I ill  S\sli‘iii  /ur  'la^scis  I roiiuiu'ssini^’;  in  1 < ■!  xM’sclia  I 1 fici  i/sri  i j ili  l cn 
1 > I I II 1 1 ('t'sucll  I wofdi'ii.  Dim'  'las^-ciis  t I'oiii  wini  IkmV',*' I *>  i I c I riii- 
'1  t's sill i|‘V< 'll  (Icr  l)ni<'k;tinl('niii(>;fii  in  ('iiiciii  l > 1 V'oIihikmi  tx'i 

kniistaiil  (^t'lia  1 t <'iu‘f  r(‘iiip»'ra  t iir. 

Die  \'otvii;>;<‘  ex  i m I i ermidnii  S\'.s  t emeu  s i nd  : Man  Ix'iiiiti/^t 

wt>iiif',>>r  Paj'aineter  in  def  Dat  t'livi-rarbe  i t iiiif^  iiiid  das  Dniekii  i \ eau 
iiii  Sysli'iii  kann  be  1 i ('1 1 i p;  k It' i n f’;eiiiaelit  wi'rdc'ii,  iiiid  diuiiil  winI  d i i- 
llt'f'alir  d(M'  S I ossal ) 1 (isiinc;  am  lanlr’ilt  ziii'  Sonde  c;eri  np;ei'.  I'o  1 p;- 
lieli  lassi'ii  s i ell  Messunp,'en  in  (p'iissei'er  Wandiiiilu'  aiisriilu'en  als 
fnilu'r. 

Die  Messunp;en  von  ( I ronzseh  i eti  t /friisseii  s i nd  iiiii  der  Sonde,  d i i' 
iiebtMi  der  koiiib  i n i er  t en  Dnic'k-  iiiid  renipt'i’a  t iii'-Sonde  der  AV'A  iiion- 
tieiM  war,  iiii  I'FA  HYP  YDO  Kanal  aiis^^eliilir t worden. 

Die  Massons  t riime  des  neiien  Systems  sind  X'or^^l  i ciieii  wonien  mi  t 
deiK'ii,  die  s i eti  ans  Messiiii^von  der  Hiilieparame  1 er  iiiui  lies  fbilie- 
dniekes  der  AV'A-Sonde  errei'linen  lassen.  1)  i Kr;;elinisse  stimmcMi 
in  der'  erwarleten  (iennii  i fYke  i t s^V^'enze  iilierein. 


ONE  SONDE  DE  L’ECOULEMENT  DES  MASSE 
POUR  DES  MESURES  DANS  DES  COUCHES  LIMITES 
SUPERSONIQUES  DE  HAUTE  ENTHALPIE 


par 

(Jurinar  Hovstadius 

RESUME 

I lie  metiiode  pour'  niesiirr't’  I ' eeoi  1 1 r'lneii  t de  masse  dans  des  eoiielu's 
limitr's  siiperson  i ipies  a ete  examinee.  1,' ei'oiiliMiu'iil  de  masse  t'st 
exaliu'  a part  ir  des  \arifit  ions  de  pression  dans  iin  \dliime  rr'iUK' 
a\  ee  t empe  r<a  1 1 1 re  eontrblee. 

I <>s  avantajYes  dii  systeme  proiiose  eii  eoiiipara  i son  a\ee  di's  metlKxIc's 
existantr's  son  t <|iie  [roiir  la  r’eriiir  t i on  des  datas  iiioins  d(>  para- 
metres  sont  utilises  et  (|iie  le  iiixc'aii  de  jiression  pi'iit  e I re 
a rli  i I ra  i remen  t lias,  tt'iianl  le  risi|ii('  de  separal  ion  de  rliopue  a 
I '('lit  re  de  la  sondr'  plus  petit.  II  ('sl  aim's  (lossiblc'  di'  fa  i ri' 
d('s  iiif'siiri's  plus  proelu'  a la  paroi  (iu'a\'anl. 

D('s  iiK'siiri's  d('s  propriet('s  d('  la  roiirlii'  1 i m i t ('  sont  ('Prc'c  I ik'c's 
a\'(’r  la  sonde  dans  line  fiosi  I ion  ebli'  a rb  t i-  axi'e  la  sonib'  eom- 
b i nee  (prc'ssion  ('I  t ('iiipi' ra  I n re ) d'\\  \ dans  la  soulfleric'  II  \ 

IhP  YOO. 

1 ' (M'oii  1 ('iiK'ii  I d('  mass!'  mesiiri'  a\ee  I <-  iiomcau  sysli'iiie  c'sl  coiiipa  ri' 
avi'c  ('('liii  ipie  ('sl  I'.a  I (1 1 1 ('  h (lari  ir  des  mesnres  de  I em|x''ra  t ii  re 
el  pression  d('  slap:uation  a\ I'e  |,i  sonde  d'W\.  I es  r(’siiltats 
sont  en  accord  dans  l(>s  I imiti-s  de  precision  expi'cti'es. 
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A MASS-FLOW  PROBE  FOR  MEASUREMENT 
IN  HIGH-ENTHALPY 
SUPERSONIC  BOUNDARY  LAYERS 

by 

Gtmnar  Hovstadius 


1.  INTRODUCTION 

During';  t.ho  la.sl  t'eu  years,  a system  For  m;iss-t'l  <jw  iiioasureineiit 
in  supersonic  liouiuiary  layers  has  hoen  (te\e  1 o|)ed  and  tested  at 
FFA,  Refs,  [ij  [2j  . The  Vvorl';  \%as  initiatf'd  hy  H.  Stalkin',  who 
dosijTncd  the  systf'ni  showti  iti  Fi;,.  I.  I'liis  system  uses  a sliarp— 
edf^ed  probe  1,o  eapUire  tlie  p;as  in  a ,-,t  I'eam  tuhit.  The  ca[)tured 
fjas  is  tukeii  throu;;Ji  a heat  e\ehan;;(n'  to  ;i  [ileiuun  ch.oriher.  From 
which  Lt  esc.aiMjs  thr'oup;h  a preca  I i 1 >r  a tinl  orifice,  operatin;’-  at 
sonic  conditions.  Sinci'  t hi’  i.emperatnre  in  the  pltainjii  ch.uiiher 
is  cotit  rolleii  hy  I,1k'  lusit  I'xehaj i; r , the  out  Flow  oF  f’;;is  mtiinly 
ilepends  upon  the  |)ressnre  in  tlie  plenum  ehamhi'r  multiplied  hy' 
the  eFFectivc  area  oF  I he  sonii'  oril'icre.  'Hie  system  hits  proved 
to  he  relLahle  aiid  simple  to  use.  The  i.ia  i n diFFLcnlty  in  the 
mt?thod  is  to  deteniiiiK'  the  ('Fleet  jva'  oriFiin;  ar('<a.  Tii(>  eFfec- 
tive  area  oF  the  orifice  F.a  1 1 s off  with  I lu'  (iressure  in  the 
(tleiui'ii  chamht'r,  and  the  lowa'r  ihi-  pri'ssnrc'  Liu'  more  uncortain 
is  the  calihration  of  lh(>  orilirt-.  In  ord('r  to  obtain  <a  reason- 
alilf'  (h'/^ri'e  (jF  accuracy  in  i h('  men  sii  reiiu'ii  t s it  is  therefort'  nec- 
essary to  k('('p  the  pri'ssnri'  in  the  p 1 ('iinm  ('hamher  ;it  a hip,ii  level. 
This  is  in  conFlii't  with  the  iH'ed  to  have  a low  pri'ssure  in  tiK'' 
systi'iii  in  oriR'r  to  ('iistire  that  the  shock  at  tin*  prolx-  ('iitrance 
r(>mains  attached.  Id'siilts  From  mas.s-Flow  measiiri'ment  s with  this 
proix'  hav('  hei'n  comptu’ed  with  results  From  m<'asnr('men  t s with  the 
AVA  comhined  pressuri'-t  cmpera  taire  probe.  Ref.  i ij  . i'hose  ta'sts 
p;av('  ;i  tx'tter  nndi' rs I and  i up;  of  how  t hi-  systi'iii  work-'d  hut  t lu'y 
also  indicated  that  the  liK'thod  used  has  cert.iin  drawbacks. 

The  aim  oF  the  pfi'senl  Work  has  been  to  mod  i F\  the  mass-flow 
system  in  order  to  remove  tlii'se  dravvhaiks.  diFFel'ent  techniipie 
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Tor  Tll;ls^s— r 1 ()w  Nui’<‘iiu‘ii t w !>■  list'd  wlii’i'i*  the  in.iss  I'low  is  c.il  — 
ful.itfd  Crom  till'  prcssiin'  riso  in  ;i  volium*  coniK'i'tcd  to  tho  jirolio. 
Tilt'  prossiiro  It'vol  in  (ho  systoiu  oan  lio  iiiadi'  arl  i i t r a r i 1 % lou, 
wliioli  {’.ivos  a larp;i>r  mai'p,in  Lo  dotaoluiiont  oT  tho  proho-on  1 lanci' 
slioi'k,  xvilhonl  al't'octinp;  (lio  aoriiracN  ol'  iiioasiiroinonl  . I(  is 
thus  possildo  Lo  old  a in  ooliahlo  moasiiroiiiont  s olosoi'  to  t h<‘  wall 
Ilian  hol'oro. 

In  orilor  to  ohook  the  iiu'asuroiiK'nt  s made  with  this  modified  system, 
tlu'  mass  flow  in  t lu'  hoiindat'y  la>er  has  also  heen  ealeulati'd  from 
mi'asn  remen  I s of  s l a,‘';e.a  I ion  ( empe  ra  ! n re  and  stapiial  ion  pressure 
with  the  AVA  prolu>.  Tlu'  iiu'asureim'iit  s wt'i'e  made  with  the  jirohes 
si(.l(>  by  siile  in  the  FFA  IK)}  ’}<><1  nozzle  hoiiiulary  Layer  at  Maeh 
iuuiiIk'I'  -I  . 

Similai'  systt'iiis  hav  t'  |)r('viousl\  het'ii  used  for  mass— flow  measure— 
iiKMits  in  the  frt^'t'  streiuiis  of  low-densit\’  tuniu'ls,  Refs.  I’tj,  1 '3j, 
[tij  . However,  t h<>  ea)}tureil  p.as  was  at  room  t tMii)}er:»tnrt'  when 
enteriii)^  the  rm'asurinp;  volume  and  the  iiressurt*  rise  tturinp;  the 
fill-U|>  of  t h('  voliuiie  was  s I ov»  enou,‘'.h  for  constant  tem|>erature 
to  he  assimieii.  I I'  these  |>rohes  were  list'd  at  tiip;Her  teiii|ieratiires 
anti  dt'iis  i L i t's  , tht'  iiit'a  sii  remeu  I s would  iirohahly  he  stronj^ly  in- 
flllt'neetl  hy  ti'iii|)era  I lire  efft'cls, 

2.  WIND  TUNNEL 

file  i'X|}erimt'iits  wert'  eari'it'ti  tint  in  the  Hyp  '}()()  wiiitt  tuiuu?!  at 
FFA.  lilt'  tuniu'l  is  a h I ow-down- tti-a  ( mos|}hert'  wind  tnnnol  with 
rontoiiri'ii  a.\  i sx  iirm' I r i c nozzles  atid  aji  o|}t'ii  Jet  test  section  pO  cm 
in  ti  iiuiit'ter,  Rt'f.  [ 7j. 

I 
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Siuiuii;n'\'  (>r  d;i  t :i 
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exit-  diameter 

= 7 

t'l’ee  jet,  te.sl  cluuiibt'r  volume 


IV 


Till'  nozzle.s  are  made  of  liidumLn  KltjS  ajid  ari'  wa(t»i'  cooled  tliroup;li 
ohlLiluely  drilled  conical  channcds  which  at  the  LIu'oat  ai-e  I .S3  mm 
from  the  inner  .surl'aci'.  TIu'  wa  I 1 ti'iiipera  t ni'i'  doi'.s  not  exceed 
VVO  C.  The  woi'kinp;  toleranc'e  on  tiu'  Lnner  .surl'aci'  = ().()3  mm  with 
a maxLimuii  ajip;ulai-  c'l'ror  of  0.0 1”  on  a measurin^y  basis  of  lOO  iiuii. 


The  Mach-numher  d i st  t'i  but  i on  in  the  M'(  nozzli-  is  shown  in  Fi;y.  V; 
F'ify.  '5  shows  the  jirohe.s  mounted  sidi-  b\  sidi'  in  the  nozzli'. 


3.  TEST  CONDITIONS 

In  the  pre.sent  ti'sts  the  tunnel  conditions  were; 

Mach  number  't 

Stapjiat  i on  pressiu’e  1.1  Ml’a 

St  afynatLon  tiMiipi'ra  t uri'  V73  K 

riu'  iiK'a.sur  i n^y  po.sition  wa.s  local, I'd  I cm  downstream  of  the  (>nd  of 
the  nozzle  such  lh;it  the  proluvs  coubl  hi'  kepi  out.sidi'  tIu'  nozzli' 
dnrinp;  the  .start  in,";  up  of  the  tunnel  . fhe  ri'a.son  for  this  was 

lliat  I 111'  thermocouple  in  till'  .WA— prohe  did  not  wilh.stand  the  \' i bra 
lions  at  the  start  in,'y  up  of  the  tunnel  when  exposed  to  the  flow. 
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4.  TEST  EQUIPMENT 

4.1  Probes  and  traversing  apparatus 

S i(.lo-by-.s  ido  nioa tsuriMiiei it  s i>t'  boundary  l.aj’or  propert  i os  woro  mailo 
with  tlio  iiriss-flow  probo  ajid  tbo  AVA  combiiiod  pi’ossui'o-toniporaturo 
pi'otio,  Tlio  probes  woro  mountod  on  a travorsin^^  system  that  oii- 
alili'd  tlio  pi'obos  to  traverse  the  boundary'  layer  duriii;^  a siiifvlo 
run.  TIk'  travorsin^V  apparatus  oouLil  be  nvuioeuvred  from  the  out- 
siilo  to  stop  at  an  arbitrary  position  in  the  boundary'  layer  for 
measui'omt'n t of  tlie  mass  flow,  the  pitot  pressure',  ;uid  tlie  staj^na- 
t Ion  tempt' ra  ture  . 

TIu'  stap.natiou  eoiuiit-Lons  ol'  t.he  wind  tunnel,  the  position  of  tlie 

probe's  as  well  as  i>  , T,  , T,,  , 1',,,  Ti  , ajid  T were'  re'e?e)reie'd . 

V I .2  3 ' t s 

A ele'ser  ipt  i e>n  e)t’  the*  mass-flow  syst.e'in  and  the  AVA  ceirnbineel  pre's- 
suiv-ti'iiipera ture'  preibe'  is  p.ive'ii  be'leiw. 


4.2  The  mass-flow  system 

'Hu'  mass-flow  syste'in  is  sheiwn  sehe'iiia  t i t'a  1 1 y In  Fifj.  . For  mass- 
fleiw  me'a sure'itiejn ts  the'  valve  t.e>  the'  vacuum  synstem  is  first,  ope'iie'ei 
in  en\le'r  tei  lowe'r  the'  pre'ssure'  in  the  syste'in  as  mue'h  ;is  i)eiss  lb  1 e"> . 
i'lie'  mass  fleiw  into  the  probe'  is  the'ii  e:a  1 culate'ei  from  the'  i\ite'  e>f 
chanp;e'  of  the'  pre'ssure'  in  the  syste'in  after  cleisinp;  the  valve  tei 
the'  vacviiuii  syste'in.  Wlie'ii  the'  pre'ssure'  Is  hlp,h  e^nenip;h  in  the'  syste'm, 
the'  shoe'k  be'cemie's  de'tae'he'ei  at  the'  pi'eibe'  e>iiti';uiee?  anel  finally  the' 
sta,",na  t i on  pre'ssure'  Is  re'aelu'd.  Fip;.  'i  sluiws  a typle-al  pl't'ssiu'e' 
ri'c'ord  , 

The'  caplure'd  fleiw  Is  ce)e>li'il  as  soon  as  possible'  be'hinii  the'  preibe' 
intake'  by  iiK'ans  eif  a lie'a  t I'xchanp.e' r . It  is  t he'll  1 e'el  t ei  a larp;i' 

\i)lunii’  which  is  filli'd  with  sti'e'l  wool  in  orde'i'  to  absorb  any  lu'at 
of  compi’e'ss  i on  . 
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I'l'A  Ui'|)i)i'i  I 


Alter  llie  closure  ol'  tlie  \.il\'e,  (he  iii.iss  I'lou  iiilo  the  '-\>leiii 
is  (V  i ' r 1 1 I )\ 


p,  ^ ^ av  ( 

\ 

where'  piuA  is  l1k>  mass  flow  eaptiu’e'ii  hy  (lu>  prolx',  is  tin 

di'iisity  ill  tlu'  ineasui' i up;  system,  and  V the  V'oliune  ol'  this 

sy st  em . 

I'sinp;  the'  p;as  law  and  cliaup;iiip;  I h«>  oi'der  oh  i ii  te^^i'a  t i on  and 
derivation,  the  followinp;  expri'ssion  is  ohtaiiu'el 


piuA 


r ‘V 

> j 

1 

< 

J 

. HT  j 
V ! 

1.  "v 

T 

dv 


(• 


where  the  eleits  indicate  der'ivaLion  with  rospi'ct.  t,o  t-imi'. 


The  t I'lupc'r  1 1 uri'  vsti'iii  is  i n I'l  iienee'd  1)\-  tlie  hot-  ,‘’;as 

t'li  1 1' r i up;  the'  p I hy  tiu'  product  ion  ot'  heat  wlu'ii  the  p;as 

is  e'oiii[)ressi'd . Hie  first;  heat  i'xelianp,('r  cools  the  liot  flow 
('lit  ('t' i lip;  till'  pt'oln' , Tilt'  hi'at  prodtici'd  hy  tlii'  com|ir'css  i on  Is 
ahsorlu'd  h\-  Hit'  slt'i'l  wool.  Thus  flu'  valiu'  of  T /T  can  he 

y'  V’ 

iiiadi'  iit'p;l  i p;i  hit'  compai’ed  with  thal  of  p^y  p^  , and  Uierefort' 

pir\  = J^dv  (• 

V 

rile  \o  I unit'  V is  now  dividi'd  into  sul  ivo  1 unit's  in  whit'll  I lit'  rt'- 

spt'c  I i \ t'  I t'mpt'i'a  I iires  eaji  ht'  t'oii.s  i di'i't'd  as  alniosi  eonstaiil. 

p i -s  assiunt'd  to  ht'  eonslani  oxt'r  lilt'  sx  .slt'in,  riiiis 
\ • 


pu.V 


n 


Cl 


In  I hi'  tl.ila  rt'duelion  I lit'  xolunit'  was  tlividetl  into  'l  suhvoliinii'^ 
at'cordiiip:  to  Kip;.  (>.  In  ^ eni^  ) i he  1 1 -mpi' ra  I u re  w,is 
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.i^r-uiin'ii  111  I'lni.il  till'  liH'.il  s I , i{vii' D i 1 111  I iMiipfi’.i  I mi' , ill  \ ,,  I'lii*  ) 

111  llii'  1 1 1 1 i I hill  i r iiiiMii  t i'iii|H' i\ 1 1 iiri'  of  till'  lio.il  exrlutnf,'i*i',  .iiid  in 

\ j ( . ID  iiir' ) niiii  in  Vij  ( .-  300  iiii'^  ) In  I lie  iiion  .-iii  roil  I oiiipora  t nros 
I j .mil  I'l^ , uliioli  woi'o  voi'\  olo.-^o  lo  room  I oiiipi'i’n  t nro . 

In  onlor  lo  ohtnin  tin'  no  nun  1 i /'.oil  iiinss  flow  pn/ ( pii  )^  , mo.isni'o- 
monls  oro  iii.iilo  in  tlio  fri'o  st  I’oiuii  niui  in  t ho  honniini’N'  la\or.  If 
I ho  proho-ont  ranoo  ai'oa  A its  assiimod  to  ho  oon^tant  t hi'oup,hont 
I ho  hound. try  Layor  t ho  following;  oxprossion  is  ohlainiHl.  (Foi’ 

I ho  \.  ilidity  of  this  assiuiipl  i on  soo  ho  1 ow  . ) 


S V /T 
11  if  \n 

E V , T 
n n'  \n 


riio  nonii.il  i /od  mass  flow  is  thus  p;i\i'n  hy  1 ho  I’atio  of  t tu>  pro.s- 
suri'  di'r  i \'.il  i \ os  miiltipliod  hy  a fiinotion  of  tomporalnro,  oor- 
roidin,";  for'  diffoi’ont  ti'mporatnro  d i st.i'i  but  i ons  Ln  Lho  sysit'iii  at 
diffi'ront  positions  in  t ho  honndai'y  1 ayoi’.  Tho  corroot  ion  arisi's 
fi’om  the  fart  that  tiu'  inlet,  of  tho  system  is  lioatod  to  a temper- 
ature close  to  the  stap.iiation  tempei'a  1 ii  re , which  in  tui'ii  varies 
throup.h  the  honndai’y  layer.  The  effect  of  t'aisiii,":  tlu>  t emjH'r- 
atiii’i'  in  part  of  the  system  is  the  same  a.s  diminishing;  the  voLiune 
of  this  part  at  constant  ti'iiipe  ra  ture . Tlu'  value  of  the  correct- 
i nc;  function  is,  howeva'r,  close  to  un  i t>'  aiul  not  very  sensitive 
to  eri'or.s  in  the  assumed  t t'mpei'al  lu'es . 


Tlu'  adv;uitap;es  of  this  mi'thod  of  measiiremi'iit  , compart'd  with  meas- 
urement ii.sin,";  a sonic  orifice,  are  ma  i n 1 > that  tho  complicated 
calibration  of  the  sonic  orifice  is  axoided  and  that  the  pressui’e 
in  the  system  can  he  reduced  considerahly  without  afft'ct  i np;  accii- 
rac\  . The  lower'  pr'essiire  lexi'l  also  rediice.s  the  risk  of  prohi'- 
out  r.ince-shock  detaclmu'iit.  It  is  therefor'e  possible  to  make  ac- 
ciir.ile  measiu'ement  .s  closer  lo  the  w.ill  than  was  possihli'  earlier. 

The  m.iiii  sonri'o.s  of  error  in  I hi'  now  syslom  are  di'xiations  fi'om 
the  assiuiiod  tomporalnro  distrihiil  ion  in  tho  system  and  rha.np;es 
in  the  e I t ec  I i ve  a re.  i of  lho  p n >ho  inlet.  In  o nli'  r I o i'  ,s  I i m;  1 1 1' 
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p.  1 r t 

of  .1 

-'Oliil  I'oil  ;iikI  (lit'  out  iM’  siirt'aii'  is  uolor’  coolcil,  I'lic  cool 

i ii(V  wot  or  is  piuiipod  into  tin'  t'\ol  i,  u ip.o  r I'loiii  .1  1 i' s(m’\o  i r at  0011— 
slant  I i'm()o  t'a  t uro  • It  l(‘av('s  tlu'  iii,", or  at  a sli^’iitl)  lii^’l'oi 

t I'liipo  r.  1 1 II  ro  (;^r  ~ ”)1\  ) . I'lio  t ('iiipoi'a  t uro  on  t lie-  surfari'  of  tlu' 

I'oil  i^  iiioasiiri'il  liy  I lio  niioooup  I o at  two  d i tl'ol  I'l  1 1 point  I'liost 

moa  snroiiK'ii  t s sliowi'd  lliat  tlio  t I'liipo  ra  t n i'('  of  tlu-  I'od  was  fairly 

ooiistant  , Tho  lu-at  ('Mliaii,", or  ran  lli('i'ol\>ro  lx-  app  ro\  i iiia  t oi  I 

willi  a siiiiplo  s\'-liMii  as  shown  ho  1 ow  . 

t'oiisiiloi-  ,1  soot  ion  of  lon;;lh  d\  id'  I ho  iniinlar  hoat  o\ohan,'’<'r 

(I'i,";.  ?)•  I'lio  offooi  i\o  a roa  id'  I ho  hoat  o\oh.  in,'’.o  r is  t hon 

d.V  = r (1)  I d )d\  (t>) 

w 

and  tho  oross  soot  ioiial  aro.i  of  tho  o\i  hai  i,‘';o  r 

A = ^^(ir-dn  (7) 

Tho  oxirartod  hoat  from  tho  \’o  I nmo  hoooiiios 


a(  f - T ) n (I)  ( d )d\ 
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(11 


(in) 
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riu'  'solution  of  this  <M|u.itioii  i 


* * r n ( 1)  + il ) \ii  k \ 

1.  - r ~ _ (l)  - ii ) ill  I ' 


wlu'i'o  lln'  Nussi'lt  luuiilu'i'  Nil  = al/k  is  Imsi'cl  on  (U-  <l) 
lilt-  I iMii|)('i';i  t ill  tlu'  out  r;tiic(>  of  tlu'  lio.it  o\oliaii,";or. 


T.  i 
1 


riio  Ho\iiol(ls  iiiuiihor  I'of  tlio  flow  in  tlio  lio.it  o\cl  inn,";('f , Imsod  on 
till'  liyiiraii  1 i il  i.iiiiot  or  I)||  = 'lA/O,  is  siiffio  iiMit  1 \ low  f<a'  tlio 

flow  to  1)0  laiiiin.il',  I’lio  Nnssi'lt  nniiilior  is  llion  1,73  <>t'  liif.'lior, 
Rof.  [S'. 

With  tlio  a|)|)t'op  I ■ i a t o \ , i 1 1 U's  of  \a  f i oi  i s o on  s I . ii  1 1 > , Im  I . ( I I ) now 

takt's  tlio  fonii 


1 - 1' 


— = o\p 


n(r,’+h)  i,  7a  • o.o:,* 
( I <).  I ■)  h)'^  • 


o.'i  X 1 -n.  i‘)’)x 

— 


This  moans  th.it  t ho  t oiiipofa  t nri'  <1  i f fori'iioi'  holwoiMi  tho  flow  atui 
till'  wall  is  hal\'oii  In  ~ A.'i  oiii.  I'ho  I'osn  1 1 i iif;  t oiiipora  t uro  pro- 
filo  is  shown  in  Fip;.  S.  As  siw'ii , a 1 onp;!  h of  O.'t  m shonld  In' 

SI  1 f f i o i ('ll  t to  cool  tho  flow  at  tho  prosont  I'ond  i t.  i ons. 

In  ofdof  to  onsiirt'  th.iL  tlu'  liiwit  produot'd  in  tlu'  floxihU'  iiihbor 
tnhin,*’;  diiiinf;  tlio  roiiipri'ss  i on  was  romovi'd  , a sooond , siiiallor, 
tu’at  o\oti.  inp.'o  t’  w.is  placi'd  hofwi'on  tho  tiihinp,'  and  tho  iiioasitrt  np; 

\ o 1 1 lino  . 


•/..I  T/>i'  AVA  comhincil  pressure-temperature  probe 


I'ho  ,\\  .A  pi'oho  is  shown  in  Kip;,  h.  A t honiiooonp  1 1'  is  pl.iood  iiii- 
iiiodi.itol\  hotiind  tho  opi'iiinp;  of  a pitot  tntx'.  ftio  diamotor  of 
tho  t honiiooo.ix  is  O.')  mm  ind  th.it  of  tho  t ho  lino  t h t’o.  id  s (I'foinol- 
Atii’iiol)  i 0.1  Him.  I'ho  r.itio  hotwooii  tli<‘  di.iiiiotor  .ind  tho  lonp;lh 
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of  llio  Ihcnnol  hr’i'iids  is  tiiade  small  in  oiilar  lo  miiiimizi-  lioat 
losses  l)v  conduction.  The  (ajiidnctor's  and  Lh(>  sheath  are  iso- 
lated from  each  other  by  Map;nesLa  pov%<ler.  A system  oT  vaLv'es 
;md  sonic  orLflces  allows  the  mass  flow  throut^h  the  system  to 
be  varied.  By  closin^^  tlie  valves  it  is  also  possible  to  meas- 
ure the  pitot  pressure.  A more  detailed  description  of  the 
system  is  given  in  Ref,  . 


Meier,  Ref.  [9J , has  shown  that  the  recovery  factor  of  the 
thermocouple  in  a probe  with  suction  is  strongiy  dependent  on 
the  mass  flow  past  the  thermocouple.  Tlie  dejjendence  is  shown 
in  Fig.  lo.  it  is  seen  that  there  exists  a critical  value  of 
the  mass  I'low  below  which  the  recovery  i'uctor  starts  to  fall. 
Above  this  value  r^  is  ap|)rox  imately  constjmt. 

In  the  present  tests  the  area  of  the  suction  coi\trolling  ori- 
fice was  tiiiide  large  enough  to  keej)  the  mass  flow  above  the 
critical  value  in  the  entire  portion  ol'  the  boundary  layer 
where  measurements  were  mtide . 


5.  RECORDING  OF  DATA 


Tlie  dtita  were  recorded  on  the  Heckman  210  data  acipiisition 
system  of  the  Hyp  ^00  tiicilities.  The  system  accepts  up  to 
low-level  luialog  input  signals,  anil  rf'ciords  the  input  sip,nals 
on  triiifyietic  tap(>  in  a digital  fonnat  compatible  with  ;ui  ICL 
h)Ol-AS  or  IBM  '360  computer.  'Tliirty  of  tlu'  fifty  low-level 
luialop;  input  chajuiels  are  wirt'd  to  signal  conditioning  units 
of  the  constant  current  ty'jie. 


Tlie  low-level  irijint  cables  bi'twei'n  the  wind  tunnel  and  the  sys- 
tem are  carefully  screi'iii'd  and  enclosial  in  iron  tubes  to  elim- 
inate d 1st  nrbajices  from  elec  trornag;i  le  I ic  noise  fif'lds,  'Hk'  sys- 
tem has  eipiit  siuiipling  rates  ranging  from  1 Hz  to  lO  kHz,  In 
the  present  tt'st.s  tlu*  fvjllowing  variables  were  rei’orded  ; 
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Tlio  siuupl.  inp;  rate  was  lo  Hz. 


6.  DATA  REDUCTION 

Tlu'  normalized  mass  flow  Is  obtained  from  K.|.  (o).  i t h tlu> 

prosetit  values  t>f  the  snhvolumes  . nd  the  correspond  iiif^  teniper- 
iitures  one  obtains 


ni / \ L\s 

V 1\,  / 


r 18  2^3  'lo  'jtK) 

p . T T + [0  J , T,,  ^ T. 

' V \ L s w In  3 + 
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T\\o  pres-sure  derivatives  were  ol^tained  f'roni  the  |)ressure  recortl- 


6,-02 


is  the  Lo^^ajritlunic  me;ui  temperature  difference  ol'  the  heat  ex- 
chfitif^er.  0,  equals  the  tempera tiire  difference'  between  the 
flow  tind  the  weili  fit  the  entr.uice  ;uid  0,,  the  difference  between 
the  flow  and  the  wall  at  thii  exit  ejf  tlu'  tu'at  e'xch;uip;<'r . 


In  supe'rsonic  flow  the  followin/v  re'lations  hobi 


_ 11^ 


( 


^ = tS-  P 


lil<'  stat  ic  pressure  is  .(ssiimed  to  be  I'onsl.itrl  .k  i'O'-s  the  boundary 
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layer'.  •y  is  assiunod  Lo  bo  coiist,;mt  . 
Thus  pu^  = 1'(M) 

2 . 5 

where  t'(^0  = ( ' • 5 - ^ ) 

Cor  y = 


I'- 


ll 


Cotnbiiiirifr  Ecjs.  (l3)  iuid  (lb)  {;;ives 


M 


t'(M)  ’ " 

p-y 


(1 


p is  ciiicuLated  Crorii  the  sta;’;utit  ion  conditions  oC  the  tirimel 
M iis  tlien  determined  by  ;m  iterative  proc-^'ss  usiiw  E<js.  (l?) 
; u id  (18), 


Knowituv  pu/(pu)^  and  pu^/{pu^)^,  u/u^  .uid  p/p^  are 
eas  i 1 y obtaineil , 


A^^ain  assiuiiinp;  constant  static  pressure  across  the  boundary’ 
layer  we  have 


Now 

I's  T ( ' ^ ^ ^ 

^s  ( I + M®  ) 

CO  ''  ,1 

i II  l<  i 

I'  I (p")^  i ^ ( ' ••  ^ ) 


1-i-A  H.-|)ort  12^! 


)(> 


The  i iifi;  from  tile  AVA-prolie  was  coiu'erl  ed  to  ( <>iiipei’a  ( ur<‘ 

iisiiifV  a polynomial  p;ivin,‘’;  the  conversion  I'ac'tor  for'  (d'otiiel- 
A 1 imie  1 . 


7.  ACCURACY  OF  MEASUREMENT 
7.1  The  mass-flow  system 

Tile  accnr’acy  in  tlie  mass-flow  moasnri'ments  is  mainiy  dependent 
on  tile  following;  factors; 

a)  tile  accuracy  of  tlu'  pressure  rc'cor'JLnj^ 

i) ) tile  temperatui’e  d i st  ri  iiut  i on  i.n  tlie  rne;isuri  rif^  system 

c)  tile  effective  area  of  tlie  super-sonic  intake  of  tlie  probe 

Tile  different  ti’ansduci'i's  are'  ceililirated  to  ^yive  ein  error  of 
less  til, an  O.  1 ^ in  tlie'  re',";ion  of  inte''rest.  Tlie  tt'mjiorature  dis- 
tr’ibution  is  in  pr'iuciple'  accur'ate'ly  meieisuratile . Tlie  appro.x  irtui- 
tions  use'd  will,  however',  p;iv('  r'ise  to  :ui  error.  The  corre>ction 
for  diffe'r'e'iit  1 empe  r'. a I lire'  d 1 s 1 1' i hu  t i ons  in  the  system  is,  liow- 
t've'i',  stiuille'i'  than  I 

The'  intake'  .arei.a  of  the'  [ir’eihe'  is  .assumed  to  be  consteuit  throu;;-h- 
emt  the'  beiunil.ar'^’  layc'r.  This  assunijitioii  may  bo  violated  by 
de'tae'tunent  cif  the  shock  ;uul  b>'  Reynolets  number  effects  in  the 
bouneleir'y  leiyer. 

A me'theiel  eif  inelicatinp;  whether  the  sheick  is  .attached  eir  not  has 
alre^'ady  be't'ti  suf^f^esteiei , Ref,  (IJ.  in  orelf'r'  to  i rives  ti^^ate  wiiethei' 
the'  pr’ohe'  is  si'iisitive'  to  e'h.ajifve's  in  the'  Mach  niuiiher  ariei  Reynolds 
numbe'rs,  the  sjste'm  h.as  be'e'ii  te'ste'ei  in  the-  KFA  S';  winei  tunnel  at 
diffei'e'iit  Maedi  numbt'r's.  nie'  probe'  was  pl.ace'd  in  the'  free  stre.im 

whi'i’e'  the'  m.ass  flow  cemld  be'  e-a  1 e'u  1 a ti'd  . 'FIk'  me'.asui'ed  m.'iss  flow 
was  thi'ii  ceniipal'e'd  with  the'  ca  leai  1 ;i  t i e;ns  , The'  re'sults  inelic.ated 
tti.at  the'  e' f fe'c' t ive'  aj’e'.a  sheiulei  he'  e'einstant  within  I (Si'e  he'leiw.) 
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7.2  The  AV A combined  pressure-temperature  probe 

rii<’  (‘rr:>r  in  llii'  t (Mri|)i‘ rn  1 1 ii'c  iikm  .si  i n ‘iin't  1 1 .ii‘i,si-s  nininl\  Iroiii 
the  ('oii\('i'.s  i on  I'.h  loi'  mid  tlio  rocovorv  I'.icloi’.  Hio  I'ocov  (‘i'> 
r.iotof  should  l)t‘  r.iii'l\  ronsl.inl  il  l In'  moss  ( I ou  I 1 1 ton,";!  i the 
pt'oht'  i .s  liip;li  onon,".li,  KiM'.  i dj  . 

Ai't:oi'<  i i np;  to  the  in,  inn  I.  ic  I 1 1 n • r , llio  iti'or  in  the  I I n • nnov  o 1 I . ip;o 
and  llio  ronvtM’sion  I'.ulor  pivi',^  I i -inpi' i ; 1 1 n fo  nio  ! si  ni 'iiii -n  t .s  .n  — 
I'lirnli'  to  Vi  i (hill  '»■ , vdion  iin  •.  i sn  I ,«'d  in  do;',l'-os  cont  ip.iodo. 

riii.s  p;i\i'.s  mi  oi’t'oi'  ol  li's-,  Ih.in  I 't  in  the  ipsolnlo  l^'•Mp<'l'— 
atnr'i',  I'lii'  crrof  in  llio  iooo\or\  l.ioior  is  ,i>snniod  to  ho 

s'liallor  thin  I 'r,  ,";i\in,";  ,i  ni,  i \ i ninni  lol.il  orror  of  lo.-^s  Ih.in 

%. 

riio  I'rt’or  in  Ihi'  |i  i I o I -p  ros.~,n  fo  nio.  i sn  n 'iiion  I is  sm.illof  th.ui 
tl.a'J'b.  I'lu'  Maoh  nniiihor  di'ponds  on  1 \ on  pros.-an'i'  iiioa.sn roim'ii I .s 
and  llu'  ('fool'  slionld  thooi't'ofo  In'  li'ss  than  i I'lits  load.s 

to  I ma.xiimmi  oofoo  of  V 'v  in  I ho  o.ilonl.ilod  n.ass  flow. 

8.  RESULTS  AND  DISCUSSION 

8,1  The  probe-inlet  area 

In  ofdor  to  ohi'ok  I hi'  a.s.sniiipl  ion  of  a oon.sl.inl  poohi'- i n t aki' 
ao('a,  llu'  mass-t'low  system  was  tt'sli'd  in  llio  I'fi'o  st  oi'ain  ol' 
t h('  I'l' .A  So  (no  i I i I i ('s , Hi'f.  (Tl-  l''i\('  dilTc'fonl  nox/'.li's  (M  = 
1.0,  - , d,  I . ■) ) w('f('  ns('d,  riio  s I . ip.na  I i on  oondition.s 

wi'i'i'  . ipp  fox  i nia  I o 1 \ o(|n.il  to 


18  H A Report  i;jR 


p ~ loo  kl’o 

o 

r ~ :jro  k 
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1R>  ~ ().(>')-  I . "r't  • lO^,  III  . 

Till'  imsisiireil  pt'i'ssut’i!  ill.' r i v;i  t Lvo  was  itiviiii'il  by  till'  t:;i  I lai  I a ti'il 
iiiasM  ITow,  wliich  p;i.ves  ;i  paraiiiotor  propoi’t  I oiia  1 t o the  jirolie— 
lull'  I area  ; 

p/  pu  oc  A 

riiree  ililTei'i'iit  probes  were  ti'steil.  'I’lie  I'esiilt  Ls  shown  in 
I'ip:.  II.  rile  size  of  a i I % error  is  shown  lor  etieh  ))robe  In 
the  rip.nr'e.  As  seen,  the  ilevialion  at  eaeh  M.ii'h  nniiiher  is  of 
this  s i /,e  oi’  sMia  I ler  except  I'or  pi'obe  , I'iiis  probi'  was  slL(’,'ht  — 
ly  ilaiiiap;e(l  at  the  Li'ail  i np;  I'llf’e  abler  the  birst  two  ti'sis.  The 
ilex'iation  before  the  ilaiiiap.'e  was,  however,  low. 

bhe  ebbecfiie  ,irea  s/iow.'s  a .s)i,<;|,(  (enilenc)  to  lii'crense  Vvith  i n— 
crea.'.iiip;  ^lach  nniiiber  or  i lee  ri'as  i 1 1;  Rev  nobis  nniiiber.  'nii'  clintif^o 
broiii  M = I . a t o M = I was  ob  the  order  I ''  for  prohi'  i anil  0.7  ^ 
for  firobe  I.  It  seems  rea.sonable  to  assniiie  that  this  ehan,‘’;e 

arises  brom  chanp'es  in  the  blow  close  to  the  eilp;t'  of  the  Intake. 
Vvith  increasinp;  iliaiiieler  ob  the  intake  the  j-elat.ive  size  ob  the 
ebbect  i ve  area  cli.iiip.'e  onp.ii  I to  ilecrease,  which  is  also  sei'ii  In 
the  results  br')iii  the  e\ pe  r i men  t s . The  relative  areas  ob  the 

intakes  brom  iiieasi  i remen  t s ob  the  iliameters  were  I : 1 . r.’.Ti : I . . 

This  compares  well  with  the  corres()onil  i n,":  r.atios  obtaineil  brom 
the  Miass-blow  mea  si  iremei  1 1.  s ; I ; I . 7’ I 7 : 1 . a’-’'l  (at  M = 'i.')). 

I 

lb  A is  not  constant,  then  the  methoil  ob  noniia  I i z i n,”;  t hi' 

miss  blow  by  the  bi'ee  slfeaiii  value  anil  assniii  i up;  constant  probe 

area  will  p;ive  rise  to  an  error  that  inci’eases  towards  the  wall, 
lb  the  errors  in  the  ebbect  i\e  area  are  due  to  Reynolds  nniiiber 
ebbecl.s  they  should,  however,  not  be  latwer  than  those  reported 
hei'e,  siiiro  the  Rcvnolds  number  in  the  llvp  aOO  tunnel  is  hip.her 

'-•.’.7  ' hi"  III)  . 


( 


11' A Ki'poi'I  I ',’S 


S 2 The  heat  exchanf’er 

riif  limi  t ioiiiii,";  of  tlio  ho, it  o\ol i. ii ip;o r i liockoil  li\  tlio  tlionim- 

roii|)los  iiioiuitoil  ijisjilo  till'  >yslo'ii,  ^,oo  1'  i . 't  . A Ixpir.il  roooi'l 

of  tlio  I ompor.i  turt'  rooitiii;;s  in  tlio  >\.~,loin  ilnriiip;  ,i  run  is  slioun 

in  fip;.  I .'J , wliort'; 

T|  is  tlio  wnll  t iMiipora  t.uro  of  iho  solid  rod  at  tiu'  (ml  rajioo 

of  t lit'  lioat,  oxcli;uip;or. 

T,,  is  llu'  wall  t ('iiipt'i’aturt'  of  llu'  rod  in  tlio  iiiiddli'  of  tlio 

('\rlian,‘’.('r . 


r.j  is  Mit'  t ('iiipt'r.a  furt'  iiu'asurt'd  in  a brass  t itho  in  tlu'  iiiiddlt' 
of  tlu'  fl('\il)lt'  tuhinp;  affor  tlio  (>xrlian;v('r. 

, finally,  is  LIk'  l.oiiipt'rafurt'  in  Hit'  iiioasur  i np;  \()lniiit'. 

As  soon , ,ill  I oiiipt' ra  I 1 ii't's  art'  afft'ctt'd  i)\  llit'  o()t'niiip;  ,ind  clos- 
i iif^  of  lilt'  valvt'  1,0  tilt'  \aruiuii  syslt'iii.  Flit'  I ht'ttiioroup  I t's  t\>r 

'P|-  r,^,  which  arc  iiioiintt'd  iiisido  I lit'  iiit'a  sur  i up;  chajiiht'r  of  tlit' 

I unlit' 1,  show  that  this  pai’t  of  Hit'  systt'iii  is  lic.itod  durinp;  a 
mu,  wht't’oas  rt'iiiaiiis  prar  f i ra  I I y al  Lht'  orip;iuaL  iiit'jui 

tt'iiipt'i  a t urt' . Wilt'll  lht'  \alvt'  is  opt'iii'd,  hoi  air  flows  info  I lit' 
t'xohanp.t'r  and  Lht'  ft'iiipt'ra  I urt'  al  T|  I'isos  iiuickly.  At.  lht' 

point  W'lit'fo  I lit'  fh('r:ii()('ou|>l('s  iiit'.isur  i np;  T,,  ;ijid  T,^  art'  plact'd 
I ht'st'  variations  hav't'  almost  d i sappt'arod  . Wht'ii  I lit'  valvt'  is 
rlost'tl  lilt'  walls  of  tht'  t'xrhanp.t'r  art'  coo  It'd  a;';ain,  I'lii'  \;iria- 
ILon  of  ari.st's  from  llu'  prt'ssurt'  oh,inp;('s  in  lht'  iiit'asur  i np; 

voliimt'.  Tht'  t lit'rmoroup  1 1'  is  phirod  in  front  of  lht'  v.ilvt'  to 
I lit'  \aoiium  sysft'iii.  Tht'  I i'm|)t'ra  I nrt'  I ht'it' fort'  falls  r.ipitlly 
wilt'll  lilt'  v.ilvt'  is  opi'iit'il.  Wilt'll  lilt'  \.il\t'  is  olosoil  ap'.iiii  lht' 

I I'tiipt' r,  1 1 1 irt'  rt'liirus  to  i I > inili.il  v.iliio  with  .in  ovt'ishool  of 
. ipprox  i III.  1 1 1' I \ IK  tint'  III  ooiiipro-,-,  i on  of  Iho  p,.i-^.  Iho  1 1 i f fo  rt'i  loo 
III  inili.il  I I'liipi'r.il  urt'  .ui'  tliio  lo  ooM  ,iir  flowinp;  into  llu'  I un- 
lit' I from  lht'  on  I s i t lo  I it ' f o ri ' lht'  I t ' ^ I , 

\1  I in  il  I , lilt'  I ompo  r.  1 1 1 1 1'l ' ri'ooi'il''  ■'hovt  Ih.il  llu'  ho.il  oMh.inp.or 
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8.J  The  mass-flow  measurements 

The  mass  flow  Lii  the  bouiulary  1 a\’er  t)ii  the  M-'t  nozzle  wall  ol 
the  FFA  Hyp  "jOO  wind  tnniu'l  has  been  measured  usin^’  the  new  mass- 
flow  system.  The  results  of  the  measnreiiu'nts  have  been  comp;ire<l 
with  the  calcuLatt'd  mass  flow  obta  iiu'd  from  measurements  of 
stap,iiation  temperaturt'  and  staf’iiat  ion  pi'essure  nsin;^  the  AVA 
eombinc'd  pressnrt'— tem]i(^ratnre  probe.  Tlu'  s tap, iiat  ion— tempera- 
ture distribution  is  shown  in  Fip;.  I’S.  This  temperature  distri- 
button  was  then  used  to;:<'ther  with  the  sta;vnation  prc'ssure  from 
e:ich  probe  to  (h'teniiine  the  mass  flow.  Fif^.  b'(  shows  the  nor- 
malized mass  flow  as  a func  t i t)ii  of  distajice  from  the  nozzle  wall, 
obtulned  from  direct  iiu'asurements  and  tlu'  values  calcnlati'd  from 
the  AVA— probi'  recoi^ls. 

The  a^^reetnent  is  well  within  the  limits  of  expected  accurac:y 
throufvhout  the  sui>ersonLc  part  of  the  boundary-  layer. 

From  the  pressure  records  of  t h«'  mass— flow  probe  it  may  .also 
bt»  concluded  th.it  the  entrance  shock  is  .attached  at  all  testeil 
positions  in  the  bounil;ir>-  layer. 


9.  CONCLUSIONS 

file  mass— I'low  distribution  in  the  bonndai’y  laji'r  on  the  M-1— nozzle 
w.ill  of  the  I'FA  ll\p  aOt)  wind  tunnel  has  been  me.asured  with  a 
m.iss-flow  probe.  file  results  liava-  lu'en  compari'd  with  the  c.al- 
eiilaled  iiia~.s  flow  obt. lined  from  s i mu  I t .aiieoil  s iiu'a  slu'emei  1 1 s of 
-.t  .If'.lla  t ion  I empe  r,  1 1 II  re  and  pressure,  llsin,‘V  .1  eombineil  pi'esslU'e— 


t empera  I I ire  probe.  Ihe  apreeim  •!  1 1.  is  within  the  limits  <d'  ex- 
po, le.l  ai'iiir.iev  ill  till-  supersonic  p.irt  of  the  boundary  l.i\er. 
It  is  t I le  I'c  f)  I re  I I II  |i ' I lldei  I lli.it  the  s\  s t elll  Work  s v»e  I I . 


FFA  Hcpoi'i  I ,'iiS 


Tlio  ;ulv;itiLa,'>;es  ov(?f  tlu'  prcxioiis  MA  pi'olx'  tlial  (l)  I'l'vvi'i' 

par'aiMO  tt'Ts  art?  i iivo  Ivril  in  llic  data  rcduc  t i on  and  (hat  Ilio 

pr(?.ssur’e  lovt?l  in  tho  systctii  lias  horn  cons  i dr  rah  1 y rriinri'd, 
Lherrhy  maJ<  i up;  tlie  I'isk  oF  rntranri'-sliorU  tit*  tarluiirn  t smalJor. 
Tho  system  has  proved  ri?liahlr  also  in  tlir  1 ow— st  a^Tiiat  ton— 
prt?ssure  rep;ion  close  to  tho  wall. 

Calrulittions  of  stap^iiation  to:n]?era turo  fro'ii  the  mass-f'iow  nioas- 
urtMiients  are  not  very  accurate  be?cause  of  the  many  parameters 
involved.  Tlio  use  of  the  mtiss-flow  prohr  for  trrnpei’a  turi'  mras- 
urrments  c.umot  therefore  be  recoiiumaided  if  a h i p;h  dep;r<>('  of 
accuracy  Ls  retiulrt'd. 

It  is  felt  that  a comhtnation  of  a mass-flow  and  a total-t(?m- 
perature  probe  would  combine  t ht>  b(?st  featurt's  of  the  FFA  probt* 
ajid  the  AV'A  [U'obt'.  A laler  ri'port.  wi  I I dt'a  I willi  surli  a (U’olir. 
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